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[JONE OF THE MOST PRACTICAL ACCESSORIES FOR ANY COM- 
puter is a conventional printer, but some computers were not 
initially designed to work with a standard *'Centronics-type" 
parallel printer—which is the kind that's usually available at 
low to moderate cost. 

The Sinclair ZX-81 was among those personal computers 
that made no provision for interfacing with conventional 
- printers. But if you're into a ZX-81, and have looked long- 
ingly at those $100 standard-paper printers, here's your 
chance to upgrade your computer with a standard printer 
interface. 


Centronics Compatible 


The interface shown in the photographs—and its driver 
program—allows the ZX-81 to operate any printer that is 
"Centronics-compatible." In keeping with the Sinclair phi- 
losophy of making it small, simple and inexpensive, the 
interface uses five commonly available integrated circuits and 
a few capacitors. The most expensive parts are the con- 
nectors. If you have a well-stocked junkbox, or the extreme 
patience to solder ribbon cables, the project will cost you 
under $20. 


How It Works 


To understand a parallel interface, let's look at what the 
printer expects and what it does in response. The important 


By Rudy Massey 


PARALLEL 
PRINTER . 
INTERFACE 


parallel printer connections are eight (sometimes seven) data 
lines that input character codes, a STROBE connection, and 


“the BUSY and/or the ACK handshake. Other connections 


might be provided for control purposes, but those are abso- 
lutely required.) 

The computer tells the printer that new data is available 
through a short negative pulse on the STROBE connection. 


' The printer reacts by bringing the BUSY connection high to 


stop output from the computer, and then processes the 
character (it may print it immediately or store it in an internal 
buffer memory and print later.) When the printer is finished 
processing, it produces an ACK(nowledge) pulse similar to 
the STROBE and brings the BUSY low. Obviously, ACK and 
BUSY convey similar information so only one need be 
monitored. (Most personal computers recognize the BUSY 
rather than the ACK.) 

The ZX-81 printer interface shown in Fig. 1 has this general 
design: It uses 8 data lines for the character code (Centronics 
connector pins 2-9), produces a STROBE pulse (pin 1), and 


monitors BUSY (pin 11) to determine when to send the next - 


character. ACK (pin 10) isn't used. Those connector pins are 
"standard" and should be compatible with virtually all paral- 
lel printers; but just to be safe, check your printer's manual for 
unusual pinouts. 

The output port is a 74LS374 octal dual flip-flop which 
will latch the data from the computer on the printer data lines 


Now you can use any 
standard parallel printer 
with your ZX-81 home computer. 
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Fig. 1—Some Centronics- 


type Apes us only 45V O 
the 501, pin 16 signal. 

ground connection; others ውሽ 

require all the data- S ር1 
line returns on pins 19-23. — 03 


If your printer doesn't 
work with only pin 16 d- 
grounded, all other grounds 


must be made on SO1 ፐ” 
፡ X-81 

or on its matching z 

plug (the one from MAII 

the printer). x 00 


COM 


fræ dc. on ወ a 


SIG. 


THE ZX-81 CONNECTOR 
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ዐዘሃዐፀ 40 d0L 


2X-81 EDGE CONNECTOR -< 


Sv Fig. 2—The ZX-81's connections on the top and bottom of 


the system connector are different. Make certain that you get 
them right the first time—you might not get a second chance. 
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- PARTS LIST FOR 
` ZX-81 PARALLEL PRINTER INTERFACE 

SEMICONDUCTORS : 

U1—74LS374 octal dual flip-flop integrated circuit 
U2—74LS125 three-state quad buffer integrated circuit 
U3—74LS32 quad 2-in OR gate integrated circuit 
U4—74121 monostable multivibrator integrated circuit 
U5— 7805 5-volt regulator 


CAPACITORS 

C1, ርሯ--0.1-ህ፳ 50-WVDC disc capacitor 
C3—100-pF, 16-WVDC electrolytic capacitor 
C4—10-F, 16-WVDC tantalum capacitor 
C5— 02uF disc capacitor 


ADDITIONAL PARTS AND MATERIALS 

SO1—Centronics-type connector, solder type 

Enclosure/PC Board (Radio Shack 270-291) 

50 pin card edge connector 

12-inches 50-conductor ribbon cable 

6-10 feet 20-conductor ribbon cable : 

46 pin section of 0.1" spaced double row header 

172" wide section of double-sided 0.1" spaced card edge 
Wire-wrap materials, bus wire, solder 


OPTIONAL PARTS AND MATERIALS | 
20-pin header connector 50 pin header connector 
20-pin double-row right angle wire-wrap header 
50-pin double-row wire-wrap header 
The following are available from Zebra Systems, 78-06. 
Jamaica . 
Ave., Woodhaven, NY.11421. 
C110 Edge connector—$5.95 
C111 Protocard—$9.95 
C112 Extension connection—$2. .50 
Please add $3 per total order for shipping and nandling 
(only via UPS). Additional $3 for COD via UPS. 


when a falling pulse is sensed on its control line. ASTROBE 
pulse is produced by a 74121 monostable multivibrator set up 
to trigger on a rising edge (note only one capacitor is needed 
with this IC to set the duration). By using the same negative 
going pulse to trigger both, an output to this port signals the 
printer automatically. The BUSY line is monitored by a one 
bit input port formed by a 741S125 quad buffer. This IC has 
three-state outputs that isolate the gate from data line D2 
when the control line is high. To define these ports as in/out, 
RD and WR are or’ed to the enable lines (after buffering to 
reduce loading due to the piggy-backed memory) via a 
74LS32 quad or gate. One of the remaining gates must be 
used for IORQ (to differentiate from memory operations) and 
the other two are for address-line decoding. Both input and 
output can use the same address. 


Port Usage 


Here we must pause to mention the port usage of the 
ZX-81. Although the Z-80A microprocessor inside can ad- 
dress any of 256 input/output ports defined by decoding lines 
AO through A7, eight ports can be had with no decoding: just 
activate one device off each line. Sinclair completely de- 
coded only one address, FF(hex) or all lines high. That, plus 
FE(hex) and FD(hex), which correspond to AO=low and 
Al = low respectively, are used internally. FB(hex) is used for 
the output to the Timex/Sinclair printer, decoded by the 
printer as A2=low and A7-high. That leaves available 
A2 — low and A7 — low, which is appealing in our case be- 


cause there are just enough inputs to decode A2 and A7 low. 
Thus, 7B(hex) will avoid all “taboo” ports and still leave 
plenty available for other devices. 

It will be apparent if you look closely that it doesn't matter 
which input A2, A7, or IORQ use since they all must be low. 
But if A2 and A7 occupied the same gate, it would change 
states much more often than necessary. Using A2 and IOREQ 
together eliminates that. It might be nit-picking, but if the 
choice is ours—why not? MREQ was buffered with the one 
remaining gate but any choice is fine. 

That's all there is to the circuit! Outputting a character code 


to port 7B(hex) will send it to the printer. Input on the same 


address; and if bit 2 is high, the printer is busy. 


Construction 


Because the ZX-81 is almost certain to have a memory 
pack attached, and Sinclair's own pack—the one often sup- 
plied with the computer—has no output to allow piggyback- 
ing peripherals, it seemed necessary to provide one in the 
interface's design. That probably doubles the complexity of 
construction; so if you have no need of an output, do yourself 
a favor and eliminate it (and all those connections). Likewise 
there is a 5- VDC line available on the ZX-81’s output which 
will power the device (the interface is only 50 ma. or so), but 
tests showed a great increase in TV interference when it was 
used. If TVI is of no concern, you should be able to eliminate 
the regulator circuit (keep the 10-uF Tantalum capacitor on 


‘the 5-volt line). 


Initially, a small perfboard/box combination from Radio 
Shack seemed perfect: All hardware is included and the 
board’s holes are copper ringed, so point-to-point or wire- 
wrapped connections are possible. But solder the connec- 
tions when strength or reliability is important. 

(The space gets tight when the output connector is in- 
stalled, so if you have trouble working in close places you 
might want to use a “‘protocard”’ and connector set specifical- 
ly intended for homebrew ZX-81 projects. The parts are 
available from Zebra Systems, 78-06 Jamaica Ave., Wood- 
haven, NY 11421. See the parts list for additional details.) 


If you make your own edge connectors, use a hacksaw to cut a 
standard connector down to size. 
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Let's start with the input connector. As shown in Fig. 2, the 
ZX-81 requires a non-standard card-edge connector that can 
be made from a 50 pin type. Before you clamp it on the ribbon 
cable, use needle-nose pliers to push out the two metal 
displacement pins on each end, then the third set in from what 
is to be the right side. (That is where the “key” will be.) Then 
use a small vise to evenly clamp the connector on a short 
piece of 50-wire ribbon cable. : 

Make a deep cut with a hacksaw on each end through the 
area where the pins were removed, then cut in from the side to 
provide clearance for the computer’s cabinet. A small file can 
enlarge the space for the ‘‘key”—the key being a piece of 
plastic or circuit board that fits into the slot on the ZX-81’s 
connector. The other end of the cable is soldered to the 
interface board, but a wire-wrap header would be easier (if 
you don’t mind spending a few extra dollars). Keep in mind 
that the two wires on each edge aren’t connected. 

The output connection for the printer uses a 20 pin header, 
but direct soldering can be used. Since the BUSY line is 
needed—which is pin 11 on the Centronics connector—a 20 
wire cable can’t be used with an insulation displacement 
connector because only the first 10 pins would be used—the 
connection on pin 11 would be missed. A solder-type Cen- 
tronics connector allows skipping pin 10 and using pin 11. 
(That’s just one of many solutions. Use what you have so long 
as the necessary connections are made.) 

Install the wire-wrap sockets with solder or glue in the 
positions shown (not much deviation is possible.) The output 
board can be cut from an old printed-circuit board or etched 


from scratch. Sandwich it between a section of dual header 
pins (it just fits) and solder. After trimming for proper fit on a 
connector or rampack, solder it to the board (there's a lot of 
stress here, so do a good job.) Next, install US, the voltage 
regulator. 

Begin making the connections with the ground and power 
wires. Those lines are direct-soldered where possible, using 
bus wire. Next, connect all the capacitors (check polarity). At 
this point, it’s a good idea to use a bench power supply to 
locate any problems while they can be easily fixed. Input 
about 8-VDC to the regulator and check for proper voltage at 
the sockets. 

The wire-wrap pins are too long to fit inside the case so 
they must be trimmed to less than half their normal length. 
That doesn't leave much for multiple connections, só take 
extra care. Make the connections to the integrated circuit 
sockets first, using the schematic to identify the pins. Next, 
wire the output board to the input, and finally, the printer 
cable connector. Take your time; use a continuity tester to 
TRIPLE check your work, and never take any connection for 
granted. The ZX-81 is relatively tolerant of shorts but its 
output bus isn't buffered and major damage can occur. When 
it's all wired and you are sure it's correct, insert the inte- 
grated-circuits. Then connect the remaining components and 
power up the computer. 

If you don't get a cursor on the screen in a reasonable 
amount of time, turn the power off and check your work. If 
there is a cursor, congratulations! Now you can fit the case. 

The main cable enters through a small slot easily cut in the 
bottom case half. Likewise, the printer cable slot is totally in 
the bottom half. 

The output board requires a hole in the top of the cabinet. 
(The plastic cabinet is soft and easily cut and filed.) Drill a 
few holes in the bottom of the cabinet for ventilation. If you 
have been careful, the interface will resemble a commercial 
product. 


It's a tight fit, but the interface will fit a into a com- 


bination perfboard/box sold by Radio Shack. But you'll have 


to cut slots in the case for the connectors. A 


The Software 


The program (listing in Table 1) searches the variable 
storage area for “A$” (any string can be substituted, more on 
that later) and outputs the whole string (256 bytes maximum) 
to the printer port. The graphics characters (Sinclair character 
codes 1-10) and the inverse numbers can be defined any way 
you want: as control codes, special characters, or whatever 
the printer will accept. This allows you to take advantage of 
the ZX-81’s excellent string handling to do much of the work 
arranging and imbedding characters. Just define the string 
(no arrays, DIM A$ is out!), and use “RAND USR 16529" to 
print it. 

To create the program, copy the program listing in Table | 
and use it to load the actual code given in Table 2. You will be 
left with a first line that looks like gibberish but actually 
contains the machine code. Now all lines except the first can 
be deleted. That must appear as the first line of any program 
using the interface. 

A couple of utilities, that are also included. for con- 
venience, should be explained. As loaded, the program prints 
all “normal” ZX-81 characters as upper case, and all inverse 
characters as lower case that seems to work out best overall, 
but some programs need just the reverse. That is easily done 
by RAND USR 16514. The program is a toggle: Each time it 
is called it reverses the cases. Also included is a “just in 
case” program that outputs up to three bytes—starting at 
address 16658—directly to the printer. (It could be conve- 
nient if you don’t want to redefine any characters for one-time 
use.) RAND USR 16641 calls it after you have POKED the 
codes in the addresses; those addresses are cleared after each 


use. 
Address 16546 holds the code of the string printed: “ልቆ” is 


70(decimal), “85” would be 71, “C$” 72, and so on. Just 
POKE the code you need here to change the string printed. 

While most printers use ASCII character codes and will 
respond properly, there are always some individual control 


TABLE 3—CHARACTER CONVERSION 


Lait e i 
decimal SF. 


and character codes. The program will probably need 
customizing to allow their use. The codes output in response 
to Sinclair graphic characters (Sinclair codes 1-10) are held in 
sequence beginning at address 16663. Those resident are all 
control codes. Inverse number codes are in sequence from 
address 16690. Those are set up to print characters not on the 
ZX-81 keyboard. (See Table 3 for conversions.) To add codes 
for your printer, just POKE the decimal value you want output 
to the address required (avoid POKES outside those two 
areas). 

One last possible modification: The program automatically 
outputs a “‘linefeec” after a ‘‘carriage return.” If your printer 
is set up to require just the "carriage retum,” it will print 
double-spaced lines. To correct that in the program, POKE 
16623,24. 

As you can see, that is something different from the 
LPRINT command, and although not as simple as LPRINT 
to use, the program is far more versatile. 

Existing programs should be easily modified once the code 
is resident in the first line. Just replace the LPRINT state- 
ments with a string definition (don’t forget to use control 
codes, particularly a carriage return): the RAND USR 16529. 

The first time you see the printer busy taking orders form 
this "toy" computer could be slightly shocking. You won't 
believe that something so small can tell a big printer what to 
do. It gives you a new respect for the power of those little 
marvels. E 
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